The present study investigates the potential role of medicinal plants Citrullus colocynthis and Tephrosia apollinea in ameliorating the oxidative stress developed during the generation of reactive oxygen species. Organic extracts of different organs (leaf, stem and root) of these medicinal plants obtained in n-hexane, chloroform, n-butanol and water were assayed for radical scavenging, total antioxidant capacity, anti-lipid peroxidation and reduced glutathione. The total phenolic content (TPC) of both selected medicinal plants was also evaluated. The results indicated that extracts of T. apollinea leaf, stem and root have higher TPC compared to those of C. colocynthis. Similarly, the results of the present study revealed higher bioactivity of C. colocynthis than that of T. apollinea in various antioxidant assays. Various plant parts of each plant were also compared.
The destructive processes caused by oxidative stress may possibly be inhibited by natural antioxidants, which makes them essential for human health. These natural antioxidants are used in the form of pure chemical constituents or their respective raw extracts (6) . The current study is focused on evaluation of the in vitro oxidative potential of medicinally important plant species C. colocynthis and T. apollinea.
EXPERIMENTAL

Collection and extraction of medicinal plants
The selected medicinal plants, C. colocynthis (CC) and T. apollinea (TA), were collected from the same area in Jabal Al-Akhdar (Al-Dakhliya Governorate, Oman; N 22°55.976, E 057°40.139) and were identified by a plant taxonomist, and the herbarium sheets were deposited at the Herbarium, UoN Chair of Oman's Medicinal Plants and Marine Natural Products, University of Nizwa, Oman. Both C. colocynthis (CC) and T. apollinea (TA) were divided into leaf (CCL, TAL), stem (CCS, TAS) and root (CCR, TAR) (Table I) , dried in shade, and then subjected to solvent-solvent partition to obtain n-hexane (H), chloroform (C), n-butanol (B) and water (W) vacuum dried extracts (7) . Various concentrations of these extracts were prepared to understand the dose-dependent effects of different extracts from different plant parts. This was done by dissolving 10 mg of each dry extract in 1 mL of methanol to prepare the stock solution, which was then used to make various dilutions (5, 10, 20, 50, 100 and 200 µg mL ). All the experiments were repeated three times, and the results are reported as the mean of three values ± SD.
Determination of total phenolics and oxidative stress parameters
Folin-Ciocalteu colorimetric method (8) was used to determine the total phenolic content in various parts of the selected medicinal plants. The antioxidant potential was measured using the method of Prieto et al. (9) and the results were reported as ascorbic acid equivalents (AAE) in mg g -1
. The DPPH radical scavenging potential of the selected medicinal plants was assessed using the method of Hussain et al. (10) and the results were reported as AAE (mg g -1 ). Reduced glutathione activity was measured using a standard curve by Ellman's method, as described by Ezeji et al. (11) . The level of anti-lipid peroxidation was checked by a modified method of thiobarbituric acid reactive substances (TBARS), as described by Nagarsekar et al. (12) .
Statistical analysis
Data was analyzed by Student's t-test (p < 0.05) to detect significant differences between extracts. To understand the significance of the effects of plant extracts, a two-way ANOVA with repeated measures and Bonferroni post-hoc analysis was made using the Graph Pad Prism. Unscrambler (Camo version 9.0 CA, USA) was used for principal component analysis (PCA) to determine the correlation of extracts and their effects in various antioxidant activities. The PCA model was built with different concentrations and a full cross-validation was used to validate the oxidative stress mitigation potential of the two plants.
Preliminary phytochemical analysis regarding TPC was performed. Also, various concentrations (5-200 µg mL -1 ) of dry extracts from different parts of C. colocynthis and T. apollinea were assessed for reducing the reactive oxygen species using different in vitro bioassay techniques. Table I . AAE -ascorbic acid equivalents, CC -C. colocynthis, DPPH -2,2'-diphenyl-1-picrylhydrazyl scavenging radical potential, GAE -gallic acid equivalents, GSH -reduced glutathione content, H, C, B , W -n-hexane, chloroform, n-butanol, water extract, resp., L -leaf, LPO -lipid peroxidation, S -stem, R -root, TA -T. apollinea, TAC -total antioxidant capacity TPC -total phenolic content; Values are mean ± SD (n = 3).
Total phenolics
The results of the present study showed that the total phenolic content was significantly higher (p < 0.0035) in the stem of C. colocynthis, especially in n-butanol and water extracts, and in leaf water extract (Table I ) than in other samples. In the case of T. apollinea, all leaf extracts, especially the n-butanol and water ones were significantly (p < 0.0338) more active than those of stem and root (Tables I and II) . The PCA analysis showed that CCL-C and CCL-B were outliers in the PCA plot, whereas most of T. apollinea extracts formed a closed cluster. In conclusion, the results suggest that TPC was markedly higher in T. apollinea compared to C. colocynthis (Fig. 1, Table I ).
Total antioxidant capacity
TAC of all the extracts revealed that both medicinal plants possess significant (p < 0.05) antioxidant potential or comparable to that of the control (Table I ). The present results indicated that the maximum concentration of all the root extracts (200 µg mL
) possessed significantly higher (p < 0.007) total antioxidant potential compared to other extracts of C. colocynthis, except for leaves in n-butanol (Tables II and III ). In the case of T. apollinea, the n-hexane and chloroform extracts of stem, root, and leaf showed significantly higher (p < 0.0345) antioxidant activity compared to other extracts. However, this activity was lower than that of commercially available ascorbic acid, which was used as a standard. The PCA model also revealed that CCR-W, CCR-B and CCR-H formed a distinctive group among the plants, their extracts revealing the bioactivity potential of C. colocynthis (Fig. 1) .
DPPH radical scavenging potential
DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging activities of all the extracts were assessed and the results are shown in Table I . The root and leaf extracts of C. colocynthis showed significant (p < 0.004) results for all the plant extracts (Table II) . Similarly, stem extracts of T. apollinea also showed good DPPH potential but the effect of root extracts was independent of increasing concentration (Tables II and III) . Overall, the n-hexane and chloroform extracts revealed a dose-dependent impact of scavenging the DPPH radical compared to n-butanol and water extracts (Tables II and III) . This is in accord with the PCA analysis. The PCA model showed that CCR-B, CCL-C and CCL-H were outliers whereas the other extracts were mostly adjoined to each other (Fig. 1) . Overall, the C. colocynthis plant showed a significant pattern of effects.
Reduced glutathione content
In the present assay, C. colocynthis was found to possess a significantly higher (p < 0.001) reduced glutathione content compared to T. apollinea (Tables II and III) . Among different plant parts of C. colocynthis, leaf extracts had a significantly higher (p < 0.001) glutathione content compared to those of stem and root, and these results were found to be dose-dependent (Table III) . Stem and leaf extracts of T. apollinea also showed a better reduced glutathione content potential compared to its root extracts (Table I) . Bioactivity results are also in correlation with the PCA analysis. The PCA scores showed that CCS-C and CCL-B from C. colocynthis and TAS-W, TAS-C and TAL-B from T. apollinea formed a distinctive location whereas the others were mostly clustered to each other (Fig. 1) . This suggests the prominence of variations among different plant parts of both species and various organic extracts in glutathione levels. Low levels of GPx activity may reflect decreased defense against oxidant-mediated cardiovascular damage (13) .
